2008. The mean maternal age was 34.8 years (range 30-41). The most common prenatal US feature was cystic hygroma, present in 5 cases. Hypogenitalism was the most common macroscopic clinical feature identified after pathology examination in 7 cases. In 2 cases, there was an increase in firsttrimester combined risk for trisomy 21. Conclusions: Pentasomy 49,XXXXY is associated with a variety of non-specific US findings, of which cystic hygroma was the commonest. No specific sequence of findings could be identified in this review.
slanted palpebral fissures, radioulnar synostosis, and hypogonadism. Multiple skeletal and genital abnormalities, cardiac defects, and speech problems also characterize this syndrome [3] .
In this report, we describe a case of 49,XXXXY karyotype diagnosed prenatally in the first trimester, presenting with facial dysmorphism and hypospadia at fetal necropsy. We additionally conduct a systematic review of the prenatally diagnosed cases with 49,XXXXY pentasomy published in the international literature.
Data Sources
We searched the PubMed electronic database without year and language restriction, using the keywords 'Prenatal', 'Diagnosis', and '49,XXXY'. The search was performed by two authors independently. All the references of the selected articles were hand-searched for relevant studies not captured by electronic searches. The last search was updated in November 2008. Full methodology of study selection is available upon request. Studies were considered eligible that were associated with prenatal in utero diagnosis of fetuses with 49,XXXXY pentasomy. Studies associated with postnatal diagnosis of the 49,XXXXY syndrome in neonates and children were excluded from the systematic review. Any disagreements among the authors were resolved after common consensus.
Results
The flowchart diagram of the search strategy for the identification of studies is outlined in figure 1 . Electronic searches yielded 9 articles in the first draught. One article was excluded due to irrelevance with the search criteria. Furthermore, 4 new articles were identified and retrieved after full-text assessment. Finally, 12 articles were selected and included in the systematic review. All the studies were case reports and dated from July 1980 until October 2008. The following clinical data were selected and reported: name of the author and year of publication, age of the patient, the gestational age in which the ultrasound (US) findings were identified (if there were no pathological US findings reported, the gestational age was related with the time period the invasive procedure occurred), the indication and the type of invasive procedure, the prenatal US features, and finally the phenotype with the pathological report of the fetus.
Systematic Review of the Reported Cases
The main characteristics of the selected articles for the systematic review are summarized in table 1 . A total of 14 pregnancies were included in the review. The mean maternal age was 34.8 years (range 30-41) [5, 14] . In all cases a termination of pregnancy was decided on, except in 1 pregnancy where the parents opted to preserve the fetus (the neonate died after delivery) [16] . Prenatal diagnosis of all clinical cases was achieved during 11 and 26 weeks of gestation. The most common prenatal US feature was cystic hygroma [7, [10] [11] [12] 14] . The second most common sign was the skeletal anomaly of clubfoot present in 4 cases [8, 10, 11, 14] . All cases were diagnosed with amniocentesis, except 2 cases that were diagnosed with chorionic villus sampling [10, 14] . Hypogenitalism was the most common macroscopic clinical feature identified after pathological examination in 7 cases [6, 8, 11, [13] [14] [15] . In 2 cases an increase in the first-trimester combined risk for trisomy 21 was observed [12, 13] . 
Case Report
A 35-year-old gravida 2, para 1 was referred at 12 weeks of gestation for genetic counseling due to a combined increased risk of 1: 77 for trisomies 18 and 13. Her medical history revealed no consanguinity or other evidence of increased risk of familial heritable disorders. Fetal US was normal, nuchal translucency was 1.5 mm, and the values of PAPP-A and free ␤ -hCG were 0.231 and 0.328 MoM, respectively. Amniocentesis was performed after parental consent at 16 weeks of pregnancy. Genomic DNA was extracted from 1 ml of amniotic fluid as previously described [3] . A multiplex quantitative fluorescent polymerase chain reaction (QF-PCR) analysis was performed. The QF-PCR products were analyzed by capillary electrophoresis on an ABI 3130 automated DNA sequencer. All short tandem repeat markers for chromosomes 13, 18 and 21 were observed in a normal diallelic pattern. For chromosomes X and Y copy number, the amplification of the homologous gene AMELX/Y showed a diallelic pattern with an fig. 2 ) . The presence of a triallelic pattern for the DXS22 marker was considered as evidence of the presence for at least an extra X chromosome. Markers HPRT and DXS6809 were non-informative as they showed homozygosity. Cytogenetic analysis of the amniotic fluid cell cultures revealed a 49,XXXXY karyotype. The parents opted to terminate the pregnancy at 19 weeks' gestation, and a 100-gram male fetus was delivered with a body length of 22 cm. The fetus presented hyspospadia and facial dysmorphism at subsequent necropsy ( fig. 3 ) . The parental karyotypes were normal.
Discussion
Pentasomy 49,XXXXY presents a great variety of morphological abnormalities. The facial dysmorphism is characterized by a full round face, hypertelorism, telecanthus, upslanted palpebral fissures, and widely spaced nipples [1, 3] . Skeletal defects include delayed bone age, radioulnar synostosis, clinodactyly of fifth fingers, and congenital hip dysplasia [3] . Genital anomalies include micropenis, scrotal hypoplasia, and cryptorchidism [3] . Prenatal diagnosis of 49,XXXXY is very rare, and the characteristics of the reported prenatally diagnosed cases of 49,XXXXY are displayed in table 1 . The first report was made by Autio-Harmainen et al. [5] followed by that of Rehder et al. [6] , both diagnosed incidentally after amniocentesis due to advanced maternal age. However, the occurrence of the 49,XXXXY syndrome is not generally associated with advanced maternal age [3, 6] . Prenatal diagnosis is usually fortuitous but may be proposed due to sonographic findings as reported in several cases. A frequently displayed ultrasonographic sign was the presence of cystic hygroma in 5 cases [7, [10] [11] [12] 14] . However, this sign is not specific for gonosomal abnormalities and is often associated with trisomies 18 and 21, Turner syndrome, and with many monogenic syndromal disorders, such as Noonan syndrome.
Cullen et al. [7] , in a series of 30 pregnancies with cystic hygroma, reported an incidence of 52% of chromosomal aneuploidies, including 15% with Turner syndrome and with a single case of 49,XXXXY. Nicolaides et al. [17] reported 584 cases of first-, second-and third-trimester cystic hygromas and first-trimester nuchal edema, 56% of which had aneuploidies, including 30% Turner syndrome and only 3 cases with other gonosomal abnormalities. Another essential US finding was the imaging of clubfoot in 3 cases in the second trimester of pregnancy [8, 10, 11] and micropenis in 2 cases [10, 13] .
In the present case, the main indication for performing an invasive prenatal diagnostic test was the increased combined risk for trisomies 13 and 18, which resulted from the biochemical analysis of PAPP-A and free ␤ -hCG. Similarly, Perrotin et al. [12] and Witters et al. [13] reported cases of 49,XXXXY in which amniocentesis was performed due to increased combined risk for chromosomal abnormalities. This evidence supports the fact that biochemical first-trimester analysis may assist the prenatal detection of X-chromosome polysomy in cases with absence of US features.
Cytogenetic analysis of 49,XXXXY cases has revealed a homogeneous karyotype in 85% of the cases [17] . The supernumerary X chromosomes have shown to be mater- nal in origin, arising from a double non-disjunction event during meiosis I and II [11] . The reason that we ever see a 49,XXXXY fetus is because of the fact that most genes on the X chromosome are subject to X inactivation. However, there are at least 24 genes in the pseudoautosomal regions that are expressed from both X chromosomes in females and on the X and Y in males. These genes are the ones that most likely cause the abnormalities in aneuploid individuals. Turner syndrome has too few, and Klinefelter syndrome has too many X chromosomes.
There are also a few other genes that are expressed from the inactive X chromosome, but the expression is rather limited and although they may play some role in the abnormalities reported, they are likely to be more subtle than those encoded by the pseudoautosomal genes [18] . The first rapid prenatal diagnosis of a higher order numerical aneuploidy of the sex chromosomes by using short tandem repeat markers and QF-PCR was reported by Chen et al. [11] . The detection of sex chromosome aneuploidies by QF-PCR has been facilitated by the application of the highly polymorphic pentanucleotide repeat marker DXS22, which maps to the pseudoautosomal region PAR2 (Xq/Yq) of the sex chromosomes [4] .
In their study, Rissanen et al. [20] tried to evaluate whether first-trimester screening markers are altered in pregnancies affected by other chromosomal defects than trisomy 21 and structural anomalies. The authors concluded that a first-trimester screening test is effective in trisomies screening but has a poor performance in detecting structural anomalies. In addition, the role of a second-trimester screening test for open and cardiac defects was emphasized. However, the experience in detecting pentasomies with a first-trimester screening test is poor due to the rarity of this clinical entity, and a larger number of series is required to reach more definite conclusions.
In summary, prenatal diagnosis of 49,XXXXY is rare and may be made incidentally. Combined screening test in the first trimester may offer useful assistance in the diagnosis of cases without US signs of chromosomal abnormalities. In those cases with normal US features, a biochemical high risk for aneuploidy is always a reason for karyotyping. The QF-PCR technique offers a rapid diagnosis of sex chromosome polysomy but cannot detect the 49,XXXXY constitution.
